pression, symptoms should not be attributed to the pineal cyst and these patients should be managed conservatively. 3 Other sporadic reports suggest that a pineal cyst may cause intermittent obstruction of the sylvian aqueduct or compression of critical neural structures, making resection a reasonable option. 7, 13, 15, [17] [18] [19] [20] [21] 25, 26 Noncommunicating hydrocephalus and Parinaud's syndrome are rarely caused by a simple pineal cyst. Therefore, the benefit of surgery in the absence of intracranial hypertension is unclear. [1] [2] [3] 11, 13 To define surgical indications, we reviewed our experience with pineal cysts presenting in the absence of ventriculomegaly or Parinaud's syndrome treated with minimally invasive surgery.
methods patients
We retrospectively reviewed medical records and radiographic imaging of all patients who presented with a pineal cyst to the Centre for Minimally Invasive Neurosurgery (Sydney, Australia) between 2001 and 2014. We retrospectively reviewed patient age, sex, presenting symptoms, symptom duration, preoperative cyst size (maximum diameter), presence of ventriculomegaly on preoperative MRI, presence of Parinaud's syndrome on presentation, surgical approach, and perioperative complications. Only patients without radiographic ventriculomegaly or Parinaud's syndrome on presentation were included in this study.
selection for surgery
The decision to offer surgery was guided by experience with colloid cysts of the third ventricle, for which ample literature supports the notion of intermittent CSF pathway occlusion resulting in symptoms.
In all cases, patients underwent a thorough medical workup and presumptive treatment of their symptoms (including headaches and vertigo) by a neurologist. Symptoms deemed suspicious included 1) headaches that either had an intracranial pressure character or were positional; 2) headaches that were associated with another symptom of intracranial hypertension such as nausea, vomiting, drowsiness and visual disturbance; 3) other symptoms that were suggestive of compression in the peri-pineal region such as visual or sensory dysfunction; 4) visual obscuration of any degree; 5) intermittent changes in level of consciousness with spontaneous recovery that may or may not have been initiated by a change in head posture; and 6) midsagittal MRI that demonstrated compression of the underlying aqueduct. Typical migraine headaches, including clear nonpositional triggers and associated photosensitivity and auras, were deemed nonindicative of CSF obstruction, and surgery was not offered to patients with these indications.
In some cases, differentiating between intermittent CSF obstruction and other causes of headache was not possible, and the decision to proceed with surgery depended on multiple factors, including cyst size, presence of aqueduct compression on imaging, and intractability of symptoms. Other less common indications for offering surgery included the presence of inexplicable neurological symptoms for which no cause could be found and that, in theory, may have been due to intermittent CSF obstruction or pineal dysfunction. This category included 2 patients with episodic loss of consciousness with workups negative for epilepsy or cardiac dysfunction and 1 patient with a clearly documented hypersomnolence syndrome for which no cause could be found. In all cases in which surgery was offered, patients were clearly informed before surgery that a definitive attribution of symptoms to the pineal cyst was not possible and that they may gain no benefit from surgery while being exposed to risks as a result of intervention.
clinical outcomes
Patients were independently assessed by 3 neurosurgeons 6 weeks following surgery and at last follow-up, including an examiner who was not the senior surgeon (C.T.). Clinical parameters including visual dysfunction, Parinaud's syndrome, headache, nausea, vomiting, motor strength, need for CSF shunt, and need for reoperation were evaluated and compared with the preoperative baseline.
radiographic outcomes
Patients underwent MRI at 6 weeks following surgery and then at various time points thereafter based on the discretion of the treating neurosurgeon. In each case the last available MRI was reviewed and the presence of any residual or recurrent cyst was noted.
results patients
During the study period, 86 patients presented with presumed symptomatic pineal cysts in the absence of ventriculomegaly or Parinaud's syndrome. Of these, 18 patients were deemed surgical candidates based on history and examination findings; these patients underwent resection. The mean patient age was 24 years (range 4-47 years). The female/male ratio was 3.5:1. All patients were offered surgery on the basis that the presenting symptoms were likely due to intermittent CSF obstruction or local mass effect. The presenting symptoms included headaches (n = 17), visual disturbances (n = 10), gait disturbance (n = 5), dizziness (n = 5), episodic loss of consciousness (n = 2), and hypersomnolence (n = 1). Headache was usually intermittent, often positional, and occasionally associated with bilateral visual blurring and diplopia.
imaging characteristics
The mean maximum cyst diameter was 1.5 cm (range 0.9-2.2 cm). No patients demonstrated radiographic ventriculomegaly.
surgical approach and complications
All patients underwent a supracerebellar, infratentorial or an occipital, interhemispheric, transtentorial approach for complete macroscopic resection. All specimens were pathologically confirmed to be simple pineal cysts. Twelve of the 18 patients experienced transient disconjugate eye movements for varying periods of time postoperatively. All of these patients had complete resolution at last followup. One patient underwent a supratentorial approach and complained of a left homonymous hemianopia 3 days after surgery. She had complete resolution within 2 weeks. One patient suffered a temporary facial droop. There were no instances of infection or postoperative hemorrhage.
clinical and radiographic Follow-up
At a mean clinical follow-up of 19.1 months (range postoperative to 71 months), 17 patients demonstrated improvement or resolution of their presenting symptoms. These included resolution of intermittent headaches in 17 patients, improvement or complete resolution of sensory complaints in all patients who presented with sensory disturbance, no further episodes of loss of consciousness in 2 patients, and no further hypersomnolence in 1 patient. No patient exhibited symptomatic worsening at last follow-up. Imaging at follow-up in all patients demonstrated complete cyst removal and no evidence of occipital lobe injury.
case examples case 1
A 27-year-old woman presented with a 3-year history of debilitating intermittent headaches that had prevented her from working as an accountant. Although she had been diagnosed with migraines, her headaches had not improved with medical treatment. In addition, her headaches had a strong positional character, being worse just after standing from a recumbent position. At times, her headaches were associated with bilateral visual blurring but no visual obscurations or blindness. MRI demonstrated a 9-mm pineal cyst. Compression of the tectal plate, admittedly small, was noted on MRI without ventriculomegaly or overt aqueductal obstruction (Fig. 1 left) . Given the intermittent, positional features of her headaches accompanied by visual symptoms, surgery was offered as a possible treatment, with the understanding that her symptoms might not be attributable to the pineal cyst.
The patient underwent an uncomplicated interhemispheric occipital-transtentorial approach with gross-total resection of the cyst (Fig. 1 right) . Following surgery the patient's headaches resolved, and she remains headache free at last follow-up, 2 years after surgery.
case 2
A 28-year-old woman presented with a 3-year history of increasing fatigue and excessive sleep duration. She was diagnosed with idiopathic hypersomnolence syndrome after sleep latency testing, and multiple electroencephalography studies ruled out an underlying seizure disorder. Her hypersomnolence did not improve with modafinil use. At that time, she had been sleeping up to 20 hours per day. In addition to her primary complaint of excessive sleeping, she did report occasional episodic headaches.
MRI demonstrated a 12-mm pineal cyst without ventriculomegaly (Fig. 2 left) . Although definite attribution of the patient's symptoms to the lesion was not possible, given her intractable symptoms, the lack of a clear cause, and a theoretical association between pineal lesions and sleep disturbance, she was offered resection.
The patient underwent an uncomplicated resection with gross-total resection of the pineal cyst. Three months after surgery she experienced significant improvement of her hypersomnolence. By 8 months after surgery her hypersomnolence had completely resolved. Sleep studies revealed that the duration of sleep posttreatment was 9-10 hours per night. The patient experienced no further fatigue upon awakening. At 8 months her transient postoperative diplopia had resolved and imaging demonstrated no residual or recurrent cyst (Fig. 2 right) . Twelve months after surgery, she had a normal sleep pattern.
discussion
Pineal cysts are usually asymptomatic, incidental lesions. [1] [2] [3] Although commonly identified during workup for headaches, in the majority of cases, they are not the source of symptoms. [1] [2] [3] 6, 8, 22 In rare cases, large cysts may obstruct the cerebral aqueduct, causing ventriculomegaly or compress the tectum, causing Parinaud's syndrome. 7, 10, 11, 15, 18, 26 In our practice we have treated 3 patients who presented with hydrocephalus caused by compression of the aqueduct by a pineal cyst. While these findings are well-accepted indications for surgery, the majority of patients with pineal cysts do not present with these signs, and indications for intervention in these patients is unclear.
Pineal cysts have long been recognized as potentially symptomatic lesions and were first described as a patho- Fig. 1 . This 27-year-old woman presented with severe intermittent headaches. The preoperative sagittal T1-weighted MRI (left) demonstrates a 9-mm pineal cyst with mild compression of the tectal plate but no overt aqueductal stenosis and no ventriculomegaly. The postoperative sagittal sequence (right) demonstrates complete cyst resection. Postoperatively, the patient's symptoms resolved entirely. logical entity in 1899. 4 Carr reported a series of 6 large pineal cysts in 1944, 3 of which were symptomatic. 5 Over the subsequent years, sporadic reports of large symptomatic pineal cysts causing headache, Parinaud's syndrome, long tract signs, and pineal apoplexy appeared in the literature. 10, 11, 17, 19, 20, 25 Although rare cases of pineal cysts continued to be reported, in nearly all cases the determination of "symptomatic" relied on signs of ventriculomegaly or Parinaud's syndrome. Klein and Rubinstein reported that among a surgical series of 7 symptomatic pineal cysts ranging in size from 1.0 to 4.5 cm, 5 patients demonstrated improvement following surgery. 15 Although the majority of patients in this series presented with Parinaud's syndrome, one patient with positional headaches in the absence of Parinaud's syndrome or ventriculomegaly improved following surgery. Wisoff and Epstein reported excellent surgical outcomes with 6 symptomatic pineal cysts, all of which presented with features of Parinaud's syndrome or ventriculomegaly. 26 More recently, Michielsen and colleagues reported success in surgically treating pineal cysts causing obstructive hydrocephalus, but also noted a lack of improvement in 2 cases without ventriculomegaly. 18 While these studies all establish large pineal cysts as potentially symptomatic lesions, most reports only included large lesions causing ventriculomegaly or Parinaud's syndrome. For this reason, these studies fail to address the question of how to best manage a patient with a pineal cyst but without overt signs of intracranial hypertension or symptomatic mass effect.
In the current series of patients with pineal cysts without overt hydrocephalus or tectal compression, 17 of 18 patients demonstrated resolution or improvement of their presenting symptoms at last follow-up. The mean cyst diameter of our patients was 1.5 cm, with the smallest cyst measuring 9 mm. These results suggest that the absences of ventriculomegaly and Parinaud's syndrome are not absolute contraindications to surgical intervention. We postulate that despite a small cyst size, these patients may experience intermittent occlusion of their CSF pathways akin to intermittent obstruction observed in patients with colloid cysts.
Recent studies have demonstrated that, with the increased use of routine neuroimaging, more incidental pineal cysts are discovered. 1, 3, 12, 22 These studies underscore the fact that the vast majority of pineal cysts are asymptomatic and have a benign natural history. In the largest and most recent study, Al-Holou and colleagues reviewed more than 48,000 adult patients undergoing brain MRI and discovered 478 incidental pineal cysts greater than 5 mm on MRI. 3 Although 21% of their patients presented with headache, no cysts were deemed to be symptomatic and no patient underwent cyst resection. At follow-up, 99% of cysts remained stable or decreased in size. This study and others demonstrate that the vast majority of pineal cysts are asymptomatic and do not have a propensity to grow. However, because the other authors required the presence of Parinaud's syndrome, focal cranial neuropathies, or obstructive hydrocephalus to classify a cyst as symptomatic, it is possible that symptomatic patients without these signs were not included. Our results suggest that a subset of these patients may indeed benefit from surgery.
It is important to note that our data do not imply that most pineal cysts are symptomatic or that surgery should be offered in many cases. Our series represents a highly selected group of patients with symptoms suggestive of intermittent CSF obstruction for which no other cause was identified after thorough investigations. These data are not inconsistent with large-scale studies demonstrating that most pineal cysts are asymptomatic, even in the presence of headache. Rather, our experience suggests that a small subset of pineal cyst patients without overt symptoms of brainstem compression or ventriculomegaly may benefit from surgery.
Several groups have reported the hypothesis that pineal cysts may cause symptoms from intermittent obstruction of CSF pathways without ventriculomegaly. 13, 16, 26 Our series represents the largest experience treating pineal cysts on the principle of intermittent CSF obstruction. Determining whether intermittent CSF obstruction is present may be challenging, and in none of our cases was a definitive association between cyst and symptoms established preoperatively. In selecting patients, our results suggest that episodic positional headaches, paroxysmal headaches associated with bilateral visual blurring or diplopia, and unexplained episodic loss of consciousness may be consistent with intermittent CSF obstruction, although none of these signs is specific. The decision to offer surgery should be based on a combination of clinical symptoms, radiographic findings, and a diagnosis of exclusion and be made only after extensive consultation with and education of the patients. In each case, surgery was offered after clear discussion of the possibility that the symptoms may be unrelated to the lesion.
limitations
This study suffers from the well-established shortcomings of a retrospective study. Due to the referral pattern of our practice, the types of pineal cysts encountered by our group represent a selected cohort of patients for whom neurosurgical intervention has already been considered as a possible option by a neurologist. For this reason, significant selection bias prevents our study from assessing the prevalence of intermittent CSF obstruction among all pineal cysts in the general population. Likewise, our study is not designed to estimate what proportion of patients with pineal cysts may benefit from surgery. Given the high prevalence of pineal cysts in the general population, it is likely that the fraction of pineal cyst patients for whom surgical intervention is appropriate remains small. Furthermore, our study did not use quantitative quality of life measures to assess improvement in patient symptoms after intervention. Follow-up studies should focus on better deciphering the degree of improvement with surgery. Nonetheless, our study represents a large cohort of carefully selected patients who demonstrated symptomatic qualitative improvement after cyst removal. Although some patients may have benefited from a placebo effect from surgery, it is unlikely that 18 consecutive patients would all be placebo responders; therefore, the mechanical act of removing an obstruction from the CSF pathways likely has a physiological response in this patient population.
conclusions
Our results suggest that a large cyst size, ventriculomegaly, and Parinaud's syndrome are not the only indications for a pineal cyst to be symptomatic and that a carefully selected cohort of patients without these findings may benefit from cyst resection.
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